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ABSTRACT 
IMAGE ANALYSIS AND IIviPROVFMENT 
·op A POINT LIGHT SOURCE VISUAL 
FLI Gf-IT SIMlJT-ATOR 
By 
SiEVE K. BUfRIMAS 
It has long been desired to slirrulate a non-preprogrammed 
controllable visual scene of the real world in a limited area for the 
purpose of training , in particular for aviation training. There 
presently exists a point light source projection syst.em designed to 
accomplish this, however due to physical limitations, the display image, 
as compared to the corresponding real v1orld scene which 1s bemg 
s:iJnulated, is somewhat distorted and limited . This point light source 
syste1n is analyzed to detennine the distortions and deviatioiLs from 
reality and methods are proposed to improve the display by mininrizing 
the distortions and deviations . 
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I. IN1RODUCfiON 
The state-of-the-art in visual systems is subject to many 
limitations due to the current visual display system components' 
inability to reproduce the real world in a space enclosed environment. 
As with other systems, the point light source system has its own set of 
l:L'11i tations and advantages. The chief advantage of the system which 
gives it an unequalled advantage over other systems for specific 
applications is its wide field of view, up to 360 degrees. In addition, 
tl1e system is non-preprogrannned and is directly controlled by the 
trainee, provjding a conti:1ual moving display. The trainee controls the 
position of the transparency through his cockpit controls, which send 
signals to the con1puter which is progrannned to accept and incorporate 
tl1ese signals into the appropriate aircraft flight equations as well as 
the equations that direct the transparency, motion platfonn, and 
instrtllnent responses. The computer calculates the required system 
response based on calculated flight data and the specific control 
posjtions. 'Ihe movement of the transparency modifies the image so as to 
simulate motion of the aircraft in space. 
Although the point light source system has limitations, the up 
to 360 degree field of yiew, the trainees complete control over the 
display, and his freedoJn to move his head and observe the display from 
many perspectives are sufficiently valuable capabilities to warrent the 
expense of using the technique in wide angle visual simulation for 
1 
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2 
training, particularly aircraft flight. training. 
The major limitations to be contended with in the system are the 
clarity of the display which varies inversely ·with altitude; perspective 
distortion -chle to displacement of the eye from the point light source 
resulting in position, velocity, acceleration, and size errors; and 
scaJjng requiring large transparencies because of extended source 
effects. Minirrtization of any one of these problems would result in an 
:improved image. 
The point ljght source syste1n major components are a point 
source of light, a transparency, and a screen with the required support-
ing stn1ctures at1d mechanisutS to n1ove the display object relative to 
the point source (See Figure 1). The light e1nitted by the point source 
is passed t.hrough a lens syst:em m1d a transparency to produce an llllage 
on the screen. This image is a magnified reproduction of the visual 
scene on the transparency . 
By moving the transparency relative to the point source, the 
Jmage is moved on the screen. Because of the presentation relative to 
the observer, the display simulates the observ-er's view of the real 
world fron1 the correspcnding position in space , and his movement in the 
display \vorld corresl?onds to movement in the rea] lvorld . This movement 
_being non -preprogrannned is linri. ted only by the size of the transparency. 
The point source of light is an HB0-100 Oshram arc lamp which 
operates at a rating of 100 \vatts emitting approximately 300 candles 
and has a diameter of . 014''. The source is useful because it has a 
small diameter for better image definition, a high luminance to provide 
good screen illunri.nation, cmd a spectral distribution that includes the 
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required wavelengths for good color projection. 
In order to further ~rove the image definition by reducn1g the 
source diameter, an optical system is utilized to demagnify the source. 
The optical -system is sho\vn in Figure 2. 
The optical system consists of a ~etroreflector to reflect rays 
from the backward direction to the forward direction to Lncrease source 
lumL11ance. It consists of a condenser lens, an objective lens, and a 
negative meniscus lens. The real source is placed at the focal point of 
the condenser system producing a collimated beam. This beam is converged 
by the objective lens to produce a real image of the source at the focal 
point of the objective. The reduction in size of the linage is equal to 
the ratio of the focal length of the objective to that of the condenser. 
TI1e megative meniscus lens has a two-fold purpose. Its focal length 
and position are selected to obtain an additional reduction in the s1ze 
of the image and to further disperse the light. Since the lens is 
negative, the image formed will appear virtual and will appear to an 
observer to be emanating from a source behind the lens. 
The transparency is a mylar with a color scene painted with 
dyes and supported by a rigid plexiglass base. The most important 
features that the transparency must have are good light transmission 
qualities and a high quality, not too detailed, light color represen-
tation of a scene. The detail cannot be too great because the point 
light source cannot resolve much detail due to extended source effects. 
The coloring cannot be dense because the luminance of the source is not 
great enough to trru1smit through dense colors. Overall transmission 
must be ~igh to maintain a high luminance level. 
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The screen is a glass-beaded type. The most important charac-
te~istics of the screen are its shape and surface. Matte surfaces 
reflect light equally in all directions wl1ile retro-directive surfaces 
reflect it _lll.Ore in a particular directional area. In the point light 
source system a retrodirective surface is used because the geometrical 
relationship of all co1nponents is fixed and the directivity can be 
utilized. The existing system uses a glass beaded retro-directive 
screen since this type of surface curving the surface has little effect 
on the return directivity of the screen. A retro-directive s·creen 
reflects its ma~imum gain at the source illuminating it (1). In this 
case the source is just above the obserYer, and the retro-directive 
character provides maximum light in the observer, point source area. 
6 
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II. DISTORTION ANALYSIS 
The displacement between the observers eye and the point light 
source result in image distortions which provide erroneous visual 
presentations in perspective, velocity, size, and acceleration. 
Excessive distortions such as these can destroy the realism of the trai·.-
ing device and it is both possible and desirable to mini~ize these by 
proper selection of syste1n geometry. These distortions arise in the 
vertical plane on the screen to a large extent because of the vertical 
displacement of the eye from the point source and the non synmetric 
vertical configuration of the screen. In the horizontal plane, since 
the screen is symmetrical about the point source and there is no 
horizontal displacement of the eye from the point source, there is no 
distortion. 
The distortions are a function of screen shape and eye position 
relative to the other components. Surfaces of constant cross section 
such as vertical planes, horizontal planes, and inclined planes \vere 
found to be unsatisfactory since they do not provide a projection 
surface for all angles, i.e., a horizontal plane provides no surface 
for vertical projection and an inclined plane does not provide for left 
and right side views . It was concluded, therefore , that curved surfaces 
such as spherical \\fere most satisfactory. It was folllld that the surface 
should be spherical in the horizontal plane and a geometric shape that 
was vertical at the top, horizontal at the bottom, and circular at the 
7 
.. 
8 
interface between these. Of the various possibilities such as circular, 
elliptical, it '~as found that the errors are approximately in the same 
area of magnitude and the caternary c was chosen because of its low 
velocity errors and ease of construction (2). The caternary c is easy 
to construct because all that is required is to take a section of screen 
of specific length, attach one end so as to stretch it vertically, and 
the other end horizontally, letting the middle section hand freely 
betlveen these support points. A vertical cross section of the screen 
is shown in Figure 3. The screen equation was emperically derived to be: 
y-3 • 5 . -y+ 3. 5 
(11.5 + Z) = 2(e 4 + e 4 ) 
1. Pos1tion D1stortion 
(2) 
Position distortion js the difference between the viewing angle 
of the eye to a point on the Tinage and the angle to the same point as 
produced by the line of projection as sijown in Figure 4. 
Point Source 
d 
' R y z 
R~ 
----------- cp ( 0 ' 0) 
~--- Eye 
Fig. 4.--Angular Relationship of Screen Eye and Point Source. 
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The position error is ( <P - e) where e 1s the true angular s .. tion 
and <1> is the apparent angul~r position. 
d sin <P 
90- ~eye 
e <P 
~ _____., 
C-1 
<P d cos e 
Fig . 5.--Construction Diagram for Position Distortion. 
tan 1f = 
R + d cos ¢ 
d sin ¢ 
1f + go + go - cp + e = 180° 
1t= C<P- e) 
d sin <P 
tan 1J. = tan ( <P - e) = R + d cos <P 
<P - e = tan -l 
d sin <P 
R + d cos <I> 
. .. 
11 
Where: 
and: y - 3.5 -y + 3.5 
Z -- 2(e 4 4 ) 11 5 + e - . 
Thus: I r~- 3 . 5 -y + 3. 5 
R =1/ y2 + [2 (e 4 + e 4 ) 
and for a d minimum = 1 ft. 51n $ rr------y---~3~.~5-----y--+~3~.5~-----------~ 
$- e = tan-1 l_~ y2 + [(e 4 + e 4 ) - 11.5]2 +cos ~ 
Utilizing tl1e above equation, position distortion ($ - 8) has 
been calculated and graphed as s function of $ in Figure 6. The rurve 
starts at <P = 40° because the vertical field of view is limited to 
50° - 90° because of the cockpit's view obstruction. 
2. Velocity Distortion 
Velocity distortion can be found from position distortion. It 
. . 1s, in fact, the rate of change of position distortion with respect to 
time. The derivation of the equation is as follows: 
From Figure 5: 
and: 
d sine 
Sln ( <f> - 8) = R 
<I> - e 
. -1 
== Sill 
d sine 
R 
12 
0 . 
co Q) M 
bl) 
~ 
gp 
·~ ~ 
0 ·~ ['-. > 
~ 
§ 
U) 
·1""1 Q) ~ 
Q) ~ 
~ 0 
0 bl) ~ 
\0 ~ f/) iS 
\ -& ~ 0 ·~ .._, ·r-1 (/) 0 
0 p... 
Lf) I 
I 
. 
\0 
. 
bO 
·r-1 
u.. 
l~ 
-A-"1-1-
\0 If) ~ 
(9 - <I>) U01~IO~S1U UOT-~1S0d 
d d . -1 (d sin e) Cit (cp - e) = dt sm R · 
= @·cos eJ e' · - R' s:i.Ii 
R .,J R2 . 2 e 
- sm 
de dR 
dcp - 'de = R cos ecrt-at 
dt dt R~ R.2 - sin2 
dividing by 1t and multiplying by 100· to get: 
100 [cos e - dR sin e] ' 
e 
sine 
e 
A>' de R 100 l ~ - 1) = --;:::;;:==:;:::=--
a' -J R2 - sin2 e 
= 100 (~cp - 1) 
L\8 
(2) 
This equatio~ gives per cent velocity distortion and is a 
function of R and e only. The values have been calculated and graphed 
in Figure 7. 
3. Acceleration Distortion 
Acceleration distortion is the rate of change of velocity 
distortion and can be derived as follows: 
From section on velocity distortion: 
d 0 G 
- (<I> - e) = (R cos e) e - R sin e 
-dt R-J R2 - sin2 e 
13 
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Then: 
= 
R( -~2 sine +~e · cos ·a) +·R.a cos ·a - ·tRees a-·Rsina 
R (R2 - sin2 e)~ 
15 
. • 2 2 -~ • • • 2 2 1 
- (Re cos a - R sin e) [R(R - sin e) · (RR - sin 8 cos ee)+R(R -sin e)~] 
R2 + (R2 - sin2 e) -
• 2 •• • • • •• 
= - 8 R sin e + 6 cos eR + Re cos e - eR cos e - R sin e 
R(R2 - sin2 6)~ 
• • • •• • • 2 
-(Re cos e- R sin e)[R(RR.- sin 6 cos 68) + RR- R sin e] = 
R2(R2 ·_ sin2 e)3/2 
• • • 2 •• 
Re cos e - Re sin e; - R sin e 
R(R2 - sin2 ~)~ 
.2 
·2 2 ·· ·2 2 R 3 
+ 2 RR sin 6 - 2R Re ·cos 6 + R6 cos 6 sin 6 - IT sin e 
R(R2 - sin2 6)3/2 
. . . . . 
The percent error is: . f - 6 
• v 
e 
16 
Thus: 
Re 2 sin 6 
. . 
R 
. . 
Rcos 6- .. sin 6 
<I> - 6 6 6 
= 
6 R (R2 - sin2 . 6) l/2. 
zRR2 . 2R2R' . S cos 6 Re2 .2 2 R . 3 + sin .6 - + cos 6 sin 6 - .. s1n 6 
6 6 6 R6 
R (R2 - . 2 s1n 6)3/2 
These values have been calculated and graphed in Figure 8 . 
• 
4. Size Distortion 
Size distortion occurs as a result of the difference in 
distance Rand R' and the screen angle 1t as shown in Figure 9. The 
actual size as provided by the transparency is fl 6, which is not equal 
to A 4 which the observer sees because of the above mentioned factors. 
The image will therefore appear either longer or shorter to the 
observer than it should. In a horizontal plane, however, there is no 
size distortion because the point source and eye are in the same 
horizontal plane o 
The equation for size distortion is derived a5 follows: 
From Figure 9: 
fl6 
TS = R' sin 2 
cos ( 6 + t:.: -1.t ) 
fl<l> 
+ Rv sin 2 
fl 6 \, 
cos (6--z-7) 
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118 90-8 - 2 
-------8 + 118 l 
6+ 
6:-lt 
118 
8 + 2 
118 
R' sin 2 
118 8- __ ,_,. 
2 
Fig. 9. --Construction Diagram for Distance TS 
18 
19 
·' 
Poin.t Source 
d 
Fig. 10.--Construction Diagram for Size Distortion. 
S.ince: 
So: 
R' cos ( e -j) sin 1:19 
TS = 
cos
2 ( e .!lJ.) - sin2 AS 
2 
. 2 ~a 2 
sm. ~ < < cos ce - 11 ) 
R' sin 1:19 
TS = 
cos (8- '2t) 
From Figure 10 for small 1:1 9 : 
So: R' 1:19 
TS = 
cos c e --zt.) 
and since: QP = TS cos (<I> -~ ) = M <P 
~ cos (<I> -1/.) 
1:1. <P = R 1:19 cos' ( <1> -1\) 
1:1 <I> - 1:19 
since f1<P gives the fractional change of !:14> with 1:18, the precent 
size distortion is: ~ t cos ( cp -'l/ll 
100 ~ cos(e -"J]J 
Negative percent size distortion means that the object appears 
smaller to the observer whereas positive ~istortion means that it appears 
bigger. 
The size distortion has been calculated and graphed in 
Figure 11. 
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III. DISTORTION CORRECTION 
The distortions appear to be correctable by refracting the 
image rays down an amoliDt equal to the error. If the correction is done 
for position distortion, that is, if the position distortion is made a 
constant or preferably zero, then the other distortions vanish. 
Velocity and acceleration distortions would be zero because 
they are the respective derivations of the position distortion. Size 
distortion lvhich is a two point comparison of position distortion \vould 
also be zero . 
In the following discussions, 1nethods are investigated as 
possibilities for correcting position distortions. 
1. Constant Position (Zero Velocity) Distortion 
The equation for position distortion: 
(<P _ 8 ) = tan -1 d sin <P 
R + d cos <P 
suggests that R is the most likely candidate for variation to minimize 
(cp - 8) since d is already at a minimum. The above equation states that 
for ( <P - 8) to be zero, sin cp must be 0. This is the vertical plane 
through the eye and the point light source. It also states that R can 
be very large and cp - 8 will be zero at R = 00. This, of course, is 
impractical and a reasonable value of R 1nust be maintained, such as 10 
22 
23 
feet or less. It appears, then, that (cp- 6) will have to be some 
positive value. If it can be ma:inta:inecf at a constant, and relatively 
small value, the velocity, acceleration, and position distortio~ can 
be eliminated or lninimized. 
As an object on the ·screen travels with respect to the viewer, 
the size of the object should change unifonnly with speed. If it does 
not, a false impression of specific points on the screen moving either 
faster or slower, with respect to the trainee and each other, than they 
should offen causes nausea to the trainee. 
It is for this reason that maintaining a· constant position 
distortion, though still sizable, is a valuable improvement. 
and: 
The equation for position distortion is: 
tan ( cp _ e) = d sin cp 
R + d cos .cp 
For a constant position distortion: 
tan ( cp - e ) = K = Constant 
R = * (sin !/> - K cos !/>) 
This is shown in Figure 12. 
+d 
d 
- K 
R -d 
d· 
+K 
Fig. 12.--Screen Radius as a Function 
of Position Distortion. 
.. 
24 
4 d 
For small ( cp - a) , tan ( cp - e) is such that K axis crossing points 
go out further for smaller errors until the errors are eliminate~ at 
R =o0. 
If we use the existing geometric limitations, the horizontal 
d 
screen radius is 10 feet. Then K = 10' for 
0 d = 1', K = .1, or (cf>- e)= 5.9 =Constant 
Then: 
R = lO(sin cp- .1 cos «<>) 
We thus observe that as K·becames smaller the horizontal eye 
level distance from the screen increases and becomes infinite at zero 
' 
error. This of course is impractical and a screen distance of 10 feet 
is fotmd to be practical and reasonable especially since velocity error 
is zero. The values are calculated and graphed in Figure 13. 
From Figure 13, it can be seen .. that a screen with a maximum 
radius of 10 feet can be built to maintain the position distortion at a 
constant value. This distortion is constant at 5.9° and does not 
exceed the maximum error for the caternary c screen at angles of ~ 
approaching 90 degrees, even though it slightly exceeds the error at 
smaller viewing angles o Therefore by chang:ing the screen shape to that 
shown in Figure 13, the velocity, acceleration, and size distortions 
can be eliminated, while maintaining the position distortion at 
approximately the same level as for a caternary c screen.. This is a 
\ 
definite and valuable advantage considering the screen shape modifica-
tion 'i$ in the same dimensional range as beforeo 
R = 10' 
R= 10(sin cp- .1 cos cp) 
c cf> - e) = 6° 
• Point Source 
Eye 
Fig. 13.--Constant Position Distortion Screen Contour 
(Flat Transparency) 
25 
. .. 
The screen could be made by calculat~g the required height of 
several screen support points, attaching thin sheet aluminum to the 
supports, and lay:ing the screen material over that. 
26 
To get -further improvement in the system, to reduce the position 
error, another technique must be used. 
2. Flat Refracting Plate 
If a flat plate of transparent refracting material were attached 
to the plexiglass base of the transparency, the light would be refracted 
downward. This downward refraction would produce the same effect as to 
bring the image vertically downward, reducing the error. Since the 
error varies continuously lvith the angle of light coming from the point 
source, the runount of correct1on must vary continuously with e, however 
fro1n Figure 6, it is seen that within the range of use the position 
distortion is fairly constant from four to six degrees. Therefore if a 
co1~tant correction of five degrees wer~ accomplished, the system would 
be greatly improved. 
The displacement 1s calculated as follows utilizing Figure 14. 
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Point 
Sourc~i'! i~ 
. I ~ 
90- e 
I . 333' I 
_T_ran __ s~Ea_r_c_n.~~--- -_-=1rt~~~~~~~=i-~~---------~~~~~----------~----~V 
Refracting T Plate ___ .,_.., I -<:;> I Szin 
Fig. 14.--Construction Diagram for Flat Refract~ng Plate . 
T 
sin(90 - e2i) = - = cos Szi D 
T D=---
cos Szi 
I Eye 
I 
(90 - 8) i sin e cos - ---
dz 
dz = 1 
sin e 
dz = T (8 - 8zi) sm 
cos Szi sine 
sin(e - e Zi) = sin e cos e2i - cos e sin e2i 
dz = T [sin 8 cos e2i .- .cos e sin e2i] 
cos e2i sin 8 
sin e = n sin 82i 
sin 8 
dz = T 1 -
n tan e 1 - sin2 e 
2 
n 
cos 8 
dz = T 1 -
2 . 2 8 n - s1n 
At 8 = 84°, <P = 90° :' If there were to be no error, <P would 
have to be 84° also. 
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If the plate used is plexiglass with n = 1.523, at e = 84° 
or: 
for: 
at: 
dz = T (1 -
dz = .91T 
T = 4" = 1/3' 
e = 84° 
.1045 
~ (1.523) 2 (.9945) 2 
at: 
dz = .3' 
y = 9.9' z = .949' 
With the refracting plate: 
z = .949 + .3 = 1.249 
for: z = 1.249 y = 9.7 
Tan <1> = Y = --9-· 7-- = 31 
z - l 1.249 - 1 
-1 0 
<1> = tan 31 = 8 8 
Thus, the correction for a 4'' thick plate is only t\vo degrees . 
.. 
This is a small. gain for so thick a plate. This also indicates t.hat 
29 
over one foot of plexiglass would be required to el~inate the position 
distortion. This is impractical since there is not enough room 
between the transparency and the eye to accomodate anything so thick. 
In addition, the light transmission loss would be excessive and the 
weight would put too much strain on existing drive mechanisms. 
3. Refraction Lens 
We observe that the flat plate causes only a small displacement 
from the original path and no change in angle for the exit beam. In 
. .. 
30 
order to obtain more downward refraction, to correct for the error, 
without having to utilize an excessively thick glass, it is necessary to 
change the exit angle . This can be done by changing the slope of the 
exit surface, that is, rotating the nonnal to change the angle. Because 
the error varies continuously ~th e, it is anticipated that the required 
slope will vary continuously with e . However, as the slope varies, so 
must the refracting surface thickness, T, vary because it is physically 
impossible to vary the slope from poil1t to point at a constant thickness. 
For the corrections anticipated, it is observed that an infinite 
number cf slopes and thicknesses can be found to obtain the required 
correction. Again, from the flat plate analysis it was fonnd that the 
thickness resulted in a small displacement of the ray. Therefore, it is 
concluded that if equations are developed in which the transfer function 
for the position and direction of the exit ray with respect to the 
incident ray let the thickness shrink to a small value so that it can 
be assumed to be zero, the exit ray will not be displaced and 'vill exit 
.. 
from the material at the san1e point that it entered. The exit angle, 
however, will be changed as a result of the orientation of the nonnal. 
Referring to Figure 15, we observe that ~ must be varied for 
each 8 until the conditions for correction are satisfied. This being 
done for a large number of e 's, a fresnel lens can be emperically 
developed which will correct for the position error and correspondingly 
for the velocity and acceleration errors. 
The lens cannot be attached to the transparency as was the 
refracting plate since the lower surface is designed for correction 
in the vertical plane only. Srnce the screen is circular horizontally, 
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the point by point slopes of the lens are continuous circularly along 
the horizontal axis. Under these conditions, any motion of the lens :in 
the lateral or longtitudinal direction would result in cross~g lines of 
constant slope.- -This results in continuously varying corrections when-
ever longtitudinal or lateral motion of the transparency occurs. 
The lens would, therefore, have to be stationp.ry with respect 
to the po:int source and located between the transparency and the 
observer. 
The equations are derived as follotvs: 
Lens 
p 
Fig. 15.--Construction Diagram for Correction Lens. 
Point 
Source 
~ 
z 
d 
I 
a = Angle of ray from point l .ight source 
a 2i = Angle o~ refracted ray 
,(. = Angle of nonnal wTt vertical 
a .= Angle of exit ray wrt, second surface nonnal 
T = Thickness of lens, let T 0 
P = z - x, for T = 0 
<1> = Angle of ray wrt vertical reaching eye 
y = Coordinate of screen Where subject ray is reflected 
z = Coordinate of screen Where subject ray is reflected 
x = Distance (vertical) from peint light source to refracting 
surface 
d = Distance from point light source to eye (vertical) 
m = Horizontal projection of exit ray between screen 
reflection point and refracting surface exit point 
For a given y and z on the screen and d = 1, to find: 
. -1--y __ 
<I> = tan - (z + 1) 
let a = cp : for this cf>: 
sin a 
sin a2i = n 
sin a = n sin ca2i - D(_) 
• • Q • ( • -1 
sm t-J = n sm sm 
sin a 
n 
and: 
Q • -1 r: . ( . -1 
..., = ?lll l! sm sm 
. M 
tan(a +oC) = P 
·sm a 
n 
P = - (z + x) 
M = -.(z + x) tan (a + o(..) 
y=M+xtana 
· sirt a 
y - x Tan e = - (z + x) Tan [sin-1 [n sin (sin -l - ol.) +oC-] 
n 
• 
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A graph of the variation of rA.. VS a is shown in Figure 16 for 
for a vertical placement of the lens at .667 feet below the point light 
source. 
We observe that the lens does correct the error, however, its 
use is limited by the geanetry of basic components m the existing 
system. Even an infinites:imally thin lens, when placed between the eye 
and the point source must provide clearance for the motion of the 
transparency. Since the transparency can move vertically by four 
:inches, the lens must be more than four inches below the point light 
source Q In addition, the transparency is capable of a 20° roll and 
pitch .. 
The maximum vertical displacement of the extreme edge of the 
transparency at a 20° roll and when at a l:imit value~ as shown in 
Figure 16, is: 
X = 4.75 tan zo0 = 1.75' 
I 
I 
I 
I 
N 
Lf) 
00 
0 
00 
Lf') 
t--.. 
0 
t--.. 
Lf) 
\0 
0 
\0 
Lf) 
Lf) 
U') 
Q) 
Q} 
fio 
Q) 
Q 
-& 
34 
. 
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0 
~ 
r-i 
~ 
0 
z 
U} 
~ Q) 
H 
I 
I 
. 
\0 
r-i 
. 
~ 
•r-1 
~ 
The total clearance required then is 1. 7 5' + • 33 = 2. 083' 
below the point source. 
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If the lens were placed at this distance and the cockpit were 
moved downward tc>allow for this and the lens were redesigned to correct 
for the additional error, the distance of the extreme edge of the lens 
from the point source would have to be: 
4.75 cos 20° = 4.47' 
This is indeed a very . large lens and not practical with the 
present state-of-the-art of lens manufacturing. 
If the lens placed at . 667 feet belovl the point source is used 
as previously designed, the roll and pitch lvould have to be limited to 
7° and if it were placed at 1 foot below the poil1t source the roll would 
still be limited to 15°. Either case is very restrictive, especially 
if a more intense source of light were found allowing greater angles 
of light transmission as ~~uld be greatly desirable so that excessive 
fading at the horizon could be reduced ... If this were done subsequent 
to an expensive lens installation, the extreme angles of transmission 
would no longer mtercept the lens and result in a sharp change to an 
uncorrected erroneous image at that point. 
It appears that the system ~age position error must be 
accepted if the basic system concept is to be retained. 
As was shown perviously, however, the position distortion can 
be n~de constant and the velocity, acceleration, and size distortion 
eliminated by the proper choice of screen shape. 
IV. SYSTB~ LIGHT WSS 
1. Light Loss Analysis 
The maximUJn visible projection distances l'fere found by placing 
an observer in the cockpit with the ·visual system turned on. A yard-
stick was then placed directly below the transparency: resulting in its 
shadow being projected onto the screen. The observer was then asked to 
jndicate when the projected shadow was no longer visible. The results 
are shown in Figure 17. 
Thus, the 1naximurn distance of the visible transparency inter-
ception was found to be 1.7S _feet from the light source horizontally. 
This allowed a maximtnn e for visibility of 82°. 
The error at an angle e of 82° is 6° resulting in a <P of 88° 
\vhich is 6° too high. 
If this limit of visibility 1,rere corrected to its proper 
position, it would be located 6° lower 1~ith respect to the eye, making 
the corrected limit of visibility 8° belo1v the horizon resulting m a 
virtual 8° loss of information. 
In order to provide some theoretical verification of the above 
'I • 
qualitative conclusions, tests were run to find whether the loss of 
visibility at 82° could be theoretically and experimentally substantiated 
by assuming excessive ligl1t loss due to reflection at high angles of 
incidence with the transparency. 
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1/32" 
1 7 /8" 
4" 
I 
I 
I 
I 
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I 
l 
I 
L 
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3" 
14" 
21" 
. .. 
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M 
I • 
I 
L 
• 
I 
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I 
I 
I 
I 
I 
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_j 
N 
Front 
4 1/4" 
15" 
22 1/2" 
Right 
3 3/ 4" 
18" 
22 3/4" 
•H 
Scale 
Fig. 17. --Limits of I11unrination Providing Detectable Contrast. 
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E 
Light loss due to exceed~g the critical refraction ~le was 
eliminated as a possible cause .because the ~ight beam emerges into a 
medium of the same index of refraction as that of the entrance beam 
media. . In such a-case the . critical angle is 90°. 
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The laboratory test set up is shown in Figure 18. A typical 
section of transparency and plexiglass were illumi~ted with a collimated 
. 
beam of light and the amount of reflected and transmitted light was 
measured at various ~les of incidence. The results are shown in 
Figure 19. 
The projection screen is a glass ~eaded type and is used 
because of its good diffusi~n characteristics and retro-reflective 
nature. In a retro-reflective s·creen, the peak gain is oriented back 
toward the light source. This orientation holds regardless of the 
position of the light source with respec~ to the point on the screen 
i 
being illuminated or the angle of incidence of the light with the 
screen. ~erefore the beaded screen provides the brightest picture to 
observers located along or near the projection axis regardless of 
screen shape. This is indeed the situation in the point light source 
projection system where the observer is one foot directly below the 
projector and the screen is a caternary shape8 
The maximum gain and relative gain distribution is essentially 
independent of screen shape and angle of incidence of projected light . 
The maximum screen gain and the reflection factors for a typical 
glass beaded screen are 1.0 and .7 respectively. (3) 
· The light level for a moonless night is 1.29 x 10-4 foot lamberts 
which approximates the conditi~n of loss of visibility for scoptic vision. 
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The screen luminance assumi_ng no transparency at 10 feet from the 
point ~ight source with a measured light output from the lens system of 
30 candles 1s: 
= .3 ft-candles 
TI1e max~um screen gain is assumed to be applicable since the 
reflected ray is returned to the eye which is one foot below the point 
light source at approximately 10 feet from the screen. From the screen 
reflectance: 
(.3) (.7) = 2.1 x l0- 3 iu 
ft 2 
From Figure 19 it is observed that the transmission loss of a 
90° incident ra)r on the typical transparency sect:i on is : 
and: 
.78 
100 1.7 = 46% 
2.1 X 10-3 (.46) = .965 X 10-3 ~U2 ft 
Again from Figure 18 if the minimum perceptible level of 
photoptic vision is 1. 29 x 10-4 ~u 2 , this level is fmmd as follows: ft 
-3 -4 
. 965 X 10 X= 1.29 X 10 
Or in % the % transmission is 13.4%. 0 This occurs at 8 = 83 . 
Furthermore, it was previously observed that, tl1e angle at 
which contrast and color discr~ination deteriorated \vas at 8 = 82°. 
Since visual responses vary in different people, this appears to 
be a very close correlation. 
An 8° loss of visibility is a limitation that deserves 
investigation considering that a low g~ide slope approach to a runway 
could result in a large part of the runway being lost in this band. 
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As a possibility considered toward improving the image at the 
horizon is the addition of an. anti-reflection coating to the transparency. 
This, however, uses the principle of two reflected rays being· adjusted 
to be out of phase by 180° cancelling each other. This technique, 
wl1ile elirrtinati?g glare at selected wavelengths, does not increase 
the total an1otmt of light being transmitted and will not improve the 
image. (4) 
2. Light Loss Improvement by Transparency Curvature 
ilirving the transparency toward the point light source would 
effectively decrease the angle of incidence with the transparency and 
decrease the reflection. 
It is preferable to make the c4rvature spherical, because 
varied geometric curves may require complex methods for photographic 
and subsequent painting reproduction. This is because, we are assuming 
that the curved transparency will be made by projecting the flat 
transparency inform~tion radially toward the center of the curved 
t ransparency so that 11ormal viewing perspective is available at all 
points on the transparency. 
Even t hough ti1e cu1~ature could be parabolic, ellipsiodal, con-
ical, circular o~ many other shapes, we select the circular one 
because it is the easiest to manufacture and it requires racks that 
42 
are circular 'to .replace the X and y racks for maintenance of Z as X and 
. ' . 
y .varies rather ~an . a cOmplex shape .. · 
' 
, "In finding the proper radius of curvature to achieve the 
anticipated advan~age of improv~g the ~ge at the horizon; we must 
consider that the radius cannot be too small since the scale ratio 
increases rapidly and too much data compression results. Also .as the 
radius approaches the maximum travel of the transparency in z, 
excessive perspective distortions result when the actual z varies from 
that radius. For example, when z is 1/32", the point source will be 
projecting through portions of the tr~~arency which are actually 
above it and even though the artificial horizon line cuts off the 
projection of points above the horizon, the apparent perspective 
(altitude) will be increased by the angle of the transparency at that 
point and decreasing as the curvature flp.ttens out directly below the 
• .! 
point source. · This effect, still exists at large radii, but is 
decreased as the radius is increased. 
By curving the transparency, light transmission is improved 
allowing greater visibility at the horizon, · thus more closely 
simulating the real world. In the real world as we look at objects 
that are far away such as at the horizon, the images fade ~ Theref ore, 
we should limit 6 to simulate the real world fade away. If 6 could go 
to 90°, or even approach it, the size of the transparency would have 
to be infinitely large whereas the sc~een is only 10 feet away . We 
are, therefore, limited to retaining some error because of the geo-
metries involved. Because of the curve on the transparency, we could 
theoretically record data from infinity. This leaves us with the 
problem of hav~. to project from infinity. Actually for e 
would have to project from 20 .. £eet a\4fay, since 
_ Tan 89° 
.. ·x 
=-- X =·20' 
.· .. 333. 
43 
·o 
= ~9 ., we 
So we could record ~n .the Curved transparency for a e of 89°, 
but would effectively have to photograph ·or reconstruct in proper 
perspective by project~ lines from points on the transparency to the 
center of the curve of the curved transparency, up to a distance of · 20 
feet away. 
If e is limited to 87° and the screen curved upward to change 
the flat transparency fade out point of 82° to a curved transparency 
fade out point of 87°. This gives .much more visibility near the 
horizon since. the fa4e ou~ ~snow 87° and again corresponds more 
• • • . f 
clearly to the real world situation where the tmage fades near the 
. .. 
horizon. 
In effect, we are here using a limitation of the system 
(excessive reflection) to provide realistic simulation rather than 
actual information which wciuld be nearly ~ossible to record and 
re~roduce to effect real world results. This is, of course, what was 
done with the flat transparency" but in this case the effect came into 
play too soong 
.. 
In order to calculate the radius of curvature for the 
transparency refer to Figure 20. 
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Curved 
~ Transparency 
. 333' 
\ k 
·----
l ~ :J 
--
~ X ~ 
Fig. 20.--Construction Diagram for CaLculating Transparer1cy Curvature. 
The calculations made for a 4 foot curved transparency rather 
than the existing 3 foot one to minimize data compression, provide for 
vertical clearance ~or the racks as tl1ey 1nove along the curvature and 
provide for a larger problem world. The calculations are as follows: 
x = .333 Tan 87° = 6.67' 
letting ~ = 4' 
Tan (3 = ml - m2 
1 + m1m2 
0 M = Tan 87 = 19 1 
For: 
Tan 82° = 7.1 
- 19 - m2 7.1 = ----
1 - 19 m2 
7.1 - 135m2= - 19 - m2 
m2 = .2 
tan-l m2 = 11° = slope of circle curve 
0 k k Tan 3 = ---- = --
6.67 - 4 2.27 
k = 2. 27 tan 3° = .118 
x = 4', y = 0, z = r- k = r- .118 
2 2 .. 2 2 4 + 0 + [(- .215 - (r- .333)] = r 
16 + (. 215) 2 + • 43 r - 2 (. 215) (. 333) - 1.111 = r 2 
.236 = 16 
r = 67.6' =Radius of Transparency 
The center of the spherical transparency section is located 
67.6 feet measured vertically from the existing transparency and 
46 
through the vertical point light source axis. This is the minimtnn . 
radius required to proj ect a e of 87° visibil i ty . This 87° intersecting 
the curved transparency 4 feet from the point light source measured 
horizontally. 
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If we now consider curvl.?g the transparency up more to prevent 
excessive vertical travel dur~g roll and pitch so that room is provided 
to place a corrective lens between the point light source and the 
observer's eye, we must have, for a 20° roll and a 4 foot horizontal 
distance al~ng the horizontal, a k = 1.46 feet from: 
Tan 20° = k 
4 
k = 4(.364) = 1.46' 
Since the point source is a maximum of 4" above the transparency, 
projecting through a point 1.46 feet above the horizontal means a 20° 
additional error in the tmage. To camp~ess the image on the transpar-
.1 
ency closer to the point source is the ·same as increasing the scale 
factor and decreasing the size of the transparency and the objections 
to this have already been brought out as too much light loss from 
excessive information density and loss of resOlution due to small line 
widths on the transparency. 
The curvature» however, does introduce additional errors. 
3.. Error Calculation and Correction 
The transparency curvature does result in errors that add to the 
original errors. The· errors are calculated as follows referring to 
Figure 21. 
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( 0 , 0, r - . 333) 
y 
X 
Fig. 21.--Construction Diagram for Error Calculations. 
I 
2 2 2 2 2 
x + y + z - 2zr + • 666z + r - • 666r + .111 = r 
Let y = 0 to consider one pl~e: 
2 . 2 
X + Z - 2rz + .66z + r 2 - u666r + .111 = r 2 
x
2 
+ z
2 
- 2rz + .666z - v666r + o111 = 0 
This is the equation of the circ1eo Now: 
- 1 
Z = X 
tan 82 
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This is the sl~pe of . the line at 8:ll&le 6 2, if we assume tan e2 
is positive. To find the point .. of intersection of the circle and the 
line at B:D&le 62 solve s:imultaneously. 
and: 
z = 
- · 1 
tan 62 
X 
x
2 
+ z
2 
- 2rz + .666z - .666r + .111 = 0 
Substituting: 2 
2 x1 2r x1 .666 x1 
xl + 2 + 
tan 62 tan a2 
- .666r + .111 = 0 
tan ~2 
x1
2 (1 + ~ ) + x1 (-2r-- .666) - .666r + .111 = 0 tan 62 tan a2 
Solve for: 
Solve: 
z = 
Now: 
Z =- 1 X 1 tan a 1 2 
-z + r - .333 
- ( 1 )x + r -
xl 
Tan a = 
x2 
.333 
.333 
Where x2 = x from above equation at z = -.333o So: 
· · (z - r + 333) x 
-.333 -- 1 . 2 -------- + r - .333 
Reca11:ing that: 
x = · ~rx1 . 
2 
= ~ .. 67 .6 .x1 
z1. - 67.267 (z1 - r + .333) 
. x2 . . . 67.6 x1 tan a = -- = -------
.333 .333 (z1 - 67.267) 
= .d sin cp2 
sin ( 42 - a 2) R 
sin ( <l>z - e2) = sin cp2 cos e2 - cos cpc sin e2 
.d .sin .cp 2 
sin cp cos e2 - cos cp2 sin a 2 = R 
dividi_ng by: sin 4z: 
cos 
cos 
d 
d sin a2 
Elz - R = tan cp2 
1 
sin a2 tan ~ = ---- = 1 2 d --
cos Bz - R tan a2 
tan¢ = 2 d 1 - . R cos a2 
Using· t:Jle equation for x, and noticing: 
d 
r = 67.6' >>.666· and .666r >>.111 
so · 
x12 (1 + 1 ) + x1 ( 135 ) 45 = 0 
2 tan 82 tan 8 2 
-:b ::J b 2 - 4ac 
X = 1 2a 
Taking the + sign because x1 should be + : 
- 135 + I 1~52 + 4(45) (1 + 12 ) 
X = tan e2 \ tan e 2 . tan e 2 
1 
The error is cp2 e, where : 
1 
2 (l + tan2 e ) 
2 
d sin <P2 
cp
2 
- e = tan -l 
2 R + cos cp2 
~1 sin cp2 
C<P 2 - e 2) + C e2 - e) = tan R + cos 4z + C e2 - e) 
sin cp2 
-1 
"'2 - e = tan + re - e) 
"" R + cos <llz \.: 2 
This is ~e position error utilizing the curved transparency. 
The error is calculated and graphed in Figure 22. 
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To find the screen shape that 1rill keep this error constant we 
must proceed as follows. 
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Let: 
cp 2 - 82 = k and 
__ · sin .cp 2 tan [ K -. ( e2 - 8) ] R + cos cp2 
sin cl>z 
R =---·----
tan [ K - ( e2 - e) J 
- cos cl>z 
By finding R as a function of e and e 2 lve can determine the 
screen required for a given K. To find a K that will keep the screen 
dtmensions reasonable, let us say: 
0 R = 10' at e = 88 2 
Also observe that K > ( e2 - e) il1 order for R to be positive: 
tan e2 1 - ---- = -----
l 
R2 cos 82 tan [K + 8] 
R = 
2 -----------------
1 
= 
tan(K+8) 
sn1 e2 cos e2 - ____ _ tan (K + 8) cos s2 - sin e 2 
tan (K + 8) 
To find a reasonable K, let R = 10 feet ate = 90°. Since 
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e2 - 8 \vas fo1md to be very small, the calculation for R should be very 
close to the flat transparency where R was calculated for constant 
(cp- e) and· (cp- 8) was 6° for R~lO' at cp~ 90. The calculations are 
per£6nned am the values are graphed in Figure 23 for various values of 
K as shown and in Figure 24. 
Fig. 23.--Constant Position Distortion Screen 
Contour (Flat Transparency). 
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V. OPTICAL SYSTEM ANALYSIS 
1. Projection ·system quality .Patameters 
In a projection system, image definition depends primarily on 
three factors: the source size and transparence line width relative 
sizes, the source to transparency distance, and on diffraction effects. 
Resolution depends primarily on the source size and transparency line 
width and on diffraction. An in1age having good resolution separates 
fine details clearly and dist]nctly and one with good definition 
provides distinct separation between objects. These definitions appear 
to say the same thing and being closely interrelated they do to a great 
degree, nevertheless, there is a distinction. An image having poor 
definition will inevitably have poor resolution; and an image having 
poor resolution will have poor definition on a level of detail where 
the resolution begins to deteriorate, however, the definition may still 
be good for larger details. 
The most critical factor among the above mentioned in causing 
resolution and definition deterioration is the size of the point light 
source. With a geometric point light source, the critical factor is 
diffraction!' ho,vever as the source size increases, this effect becomes 
secondary. 
If, for the mom~nt, diffraction considerations are neglected, 
since they are assumed to be of a secondary magnitude, and a geometric 
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point source is used to produce a projected image of a line, a clear 
magnified :iJnage of the line will be produced as shown in Figure 25. 
Point Source 
Line 
Image 
Fig. 25.--Point Source Image Formation 
However, if the geometric points source is now extended in 
length it becomes a line source of geometric po:int sources. If the t\vo 
end points are used as point sources and the line is projected to get 
the extreme points of the 11Ilage as shown in Figure 26, the linage 
definition deteriorates. /1 Source 
Image 
1z 11 13 
Fig. 26.--Source Size Effect on Image . . 
This is observed by the fact that the image section 11 1s 
produced by blocking. light from the source in total, image section 12 
and 13 however are produced by blockage of light from only one source 
while still being illuminated by the other. Sections 12 and 13 are 
therefore gray areas compared to section 11 and represent an image with 
poor definition in that the edges of the projected ilnage no longer go 
from dark to gray to light. If the line is considered to be a trans-
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parency line width, it can be .seen that as the source diameter increases 
relative to the line width, the. gray area increases :in size and the image 
definition and contrast deteriorate and the image size increases until 
the ~age eventually is a~ost . tota~ly washed out. 
The same situation· is observed when the source size is held 
constant and the transparency l:ine width is decreased. This is effec-
tively the same as discussed above where the l:ine width is held 
constant and the source diameter increases. From this infonnation we 
can deduce that as the transparency scaling increases, that is a larger 
problem world is introduced utilizing a given projection system with a 
set point source size, this is the same as decreasing the line width o.r 
increasing the source size and the result is image quality deterioration. 
In the same vein as the above, it can be observed that increasing 
the source to transparency distance re~lts in a decrease in the gray 
.• 
area and therefore an increase in defmition and quality. Here, how-
ever, if the distance is increased too much, illumination levels begin 
to decrease. Illum:ination levels affect the image quality in that 
contrast is reduced by having a smaller light level difference 
between light and dark areas producing a less distinct, though possibly 
not blurred line between image and background making than appear to 
blend together. We observe t1!at with a given scale ratio magnification. 
can be :increased by bringing the ~ight source closer to the transparency, 
this however results in poorer definitiono 
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Source 
Image Image 
Fig. 27.--Source to Transparency Di~tance Effects. 
Another closely related effect to the above is the transparency 
to screen distance. Increasing this distance increases the gray area and 
is s~ilar in effect to decreasing tl1e source to transparency distance 
as increasing the source size or decreasing the line width as shown 
below. 
Source 
Source 
Line 
Image 
Fig. 28.--Transparency to Image Plru1e Distance Effects. 
The above mentioned effects, decreasing transparency line width 
(increasing scale ratio), decreasing distance between the source and 
transparency (increasing magnification), increasing transparency to 
screen distance (increasing magnification), all result L~ decreased 
definition, resolution, and contrast. All of these effects are directly 
60 
attributable to the fact that the light source has finite dimension 
and are nonexistant 1v.ith a geometric point ljght source, neglecting 
diffraction effects. S:ince the diffraction effects are secondary to 
these in magnitude- and inherent even with a geometric source, the most 
important factor in ilnprov:ing the image in a proj.ection system is to 
have a J~gh intensity minimum size light source. 
2. Point Light Sautee 
The light source used m the system is an OSHRAM HB0-100 100 
watt mercury arc lamp with a .014" source diameter (illuminated arc) 
that emits approximately 300 candles. This source was decided upon 
after an extensive evaluation of many arc lamps such as Hafnium and 
Zirconium and :Mercury vapor. The factors leading to the selection 
were s1nall source diameter, high ltnninance, correct color temperature 
(3500 K) for faithful color reproduction, acceptable heat level, and 
relatively lo\~ cost. 
In addition, various methods were attempted to improve lumi-
nance and decrease effective source size such as the following. Mod-
ifying the lamp by decreasmg the electrode spacing, using mirrors to 
reduce source diamet~r, cone shaped acrylic tips which act as light 
fibers concentrating the enter:ing light to the tip of the cone to 
produce small size and high brilliance, utilizing a metal plate with a 
small hole in it to act as the light source, use of a mirror to reflect 
back rays to the forward direction, and utiliz:ing a negative meniscus 
lens system. 
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All of the different metl1ods proved to be liDfeasible except the 
negative n1eniscus lens system which, as previously mentioned, was 
incorporated into the system and produced an effective source diameter 
of . 006 inches and -dispersion of the l .ight, however, with a loss in 
intensity. 
The lamp used as the point source has an arc length of . 014" 
and emits 300 candles, however after demagnification. and passage through 
the lens system there is a considerable loss in intensity. The 
intensity loss is found as follows: 
_2. = I2 
s 2 s 2 
2 1 
Where: 1 = Intensity of real source in candles 
S = Source diameter in inches 
I = Intensity of image in candles 
S = ]mage diameter in ifiches 
(5) 
For the lens system the focal length of the condenser system = 
16nnn and the focal length of microscope objective = 8nun. 
and : 
The magnification then is: 
8 
16 - •5 s1 = . 014'.' 
s2 = .014 (.5) = .oo7" 
1 =·r1 s2
2 
= 3oo c.oo6) 2 = 
2 300 
s1
2 (.012) 2 
• 000036 
.000144 
.300 
12 = - = 75 candles 4 
By measurement l1owever, due to reflectivity and transmission 
losses, the actual~utput is 30 candles. 
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A source "'ri th an output of 30 candles and . 006 diruneter has been 
used and is functional, however increased intensity and resolution is 
highly desirable and would result in a greatly improved and more 
realistic slinulation. 
. .. 
VI • LASERS AS A POINT LIGI-IT SOURCE 
1. Laser Mixing fot .White .Light 
One possible method as of yet not investigated is the possi-
bility of using lasers as a point light source for this system. 
Since it is a requirement that the point light source be white 
light in order that colors may be faithfully reproduced and since 
lasers emit monochromatic radiation, three laser beams of the primary 
colors (red, green, blue) must be mixed in order to produce white 
light. 
The chromaticity diagram reveals that the red portion of the 
0 
spect1um lies beuveen 620 and 700A wavelengths, the green from 445 to 
530, and the blue from 480 to 490. 
Light emits radiant energy and all radiators of light such as 
various lamps or the sun and various positions above the horizon 
contain different spectral compositions. The spectral composition of 
a radiator must be known for the dete1~ination of color . The spectral 
distribution is a 1neasure of the quru1tity of energy emitted at all 
visible wavel engths. Sources of spectral energy are classified in 
accordance with color temperature. Color temperatures define the 
energy distribution that would be emitted by a black body radiator at 
the specific color temperature being considered. For example, a black 
body radiator operating at 6800 K would emit the srune spectral dis-
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tribution as average daylight. Average day~ight is the most desirable 
spectral distribution for the point light source. 
If P f\ is the expression for radiant flux distribution and y/\ 
is as given in ·the-standard luminosity tables, the lurninious efficiency 
of the source is given by the following expression: 
K=Kmax 
f~YAPAd~ 
.J' ~ PA dA 
where = Wavelength and K max is the maximum luninous efficiency of 
lunrinous energy = 680 lwnens/watt. 
The evaluation of color content can be accomplished using 
three quantities call the tristimulus values. These are X~ Y) ~nd 7. 
where: 
X = K max J~ X c\ P (I dll 
Y = K maxS ~ ~/l P ~ d h 
Z = K maxj~ Z?t Pl'l d?-
Further using the chromaticity diagram \vhich gives values for 
x ru1d y for various color temperatures where x and y are related to the 
tristilnulus values as follo,vs: 
X y 
X= X + y + Z y=x+y+z 
After reviewing the available lasers, it \vas concluded that the 
following combination v.rould provide the highest lundJlance, minimtml beam 
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diameter, and minimum divergence. 
Red = .6328 u He-We 15 watts 1. 2nun dian1eter berun 
.. 7 mrad divergence rnanufac tured by Seimens 
Green = _ .-514 u Argon 10 watts 1.4mm diameter beam 
1 mrad divergence manufactured by Carson Laboratories 
Blue = .488 u Argon 10 watts 1~~ diameter beam 
1 mrad divergence manufactured by Carson Laboratories 
The tristimulus coordinates of the 3 laser lines are as follows: 
Wavelength X y z 
632.8 .0476 .1925 .5558 
514.5 .0271 .5977 .1163 
488.0 .5922 .2410 0 
From these we can calculate the tristimulus values utilizing the 
relation that: 
X =Joo x~Pndn 
. 0 
The tristimu1us values will therefore be: 
X= .0476 p B +.0271 p B +.5922 p 
y = .1925 p B +.5977 p G +.2410 p 
z = .5558 p B +.1163 p G + 0 p 
\vhere: p B = Blue radiance 
p G = Green radiance 
p R = Red radiance 
R 
R 
R 
The chromaticity coordinates for a 6800 K source (average day-
light) are: 
X = .310 
y = .316 
Thus: 
.047 Pl\B +. .0271 P?\G + .5922 P?\R 
. 310 = ·-------------------
. 7959 P 7\B + .. 7411 Pi' G +.8332 P?t R 
- .1925 P 7\ B + • 5977 P 7\ G + . 2410 P ?\ R 
.316 = ---------------
.7959 P'?\B + .7411 P~G + .8332 P'?\R 
If we let P R = 1, simplifying the above equation, we get: 
P ~ B = -1.018 
PnB = 6.1610 
Sin~lifying and substituting: 
P" G + 1.6775 
PI\ G - • 2915 
Pi'\ B = 1. 398 5 
P n G = . 2743 
Therefore the required proportiorts to be mixed are: 
1.00 =Red 
.274 = Green 
1.3985 = Blue 
The total luminous flux emitted by these wavelengths in com-
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bination can be calculated using ti1e tristimulus coordinate and K max = 
680 Lwnens/watt for: 
.6328 
.5145 
.488 
The luminous output is 
Red: (.2410) ( 
Green: (.5977) ( 
Blue: (.1925) ( 
then: 
15 ) 
10 ) 
10 ) 
-y = .2410 
y = .5977 
-y = .1925 
( 680 ) = 2460.00 
( 680 ) = 4060.00 
( 680 ) = 1310.00 
7830.00 lumens 
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In candles this would correspond to a point source of: 
. '7830 
Zw = 1240 Candles 
In a regular point source the actual power in the forward 
direction is only a por'tion of the total output in candlepower. In the 
laser systen1, the output power is in the fon.vard direction and 
practically all useable. In a ~egular point source, even with reflective 
optics the backscatter light is not fully useable because it 1nust be 
focused back to the center of the bulb where the bulb itself disperses 
it. 
Since the Oshram source presently being used erni ts 2200 llUilens, 
the 7830 ltunens potential using existing lasers is sufficiently po1ver-
ful to be used as a source. The question of ·whether the laser beam 
diameters can be optically reduced to a size competitive with the 
Oshram source remains a problem for further investigation. 
. .. 
VI I • SUMMARY 
The poin~~ight source system was analyzed for position, velocity, 
acceleration, and size distortion. TI1ese were calculated and graphed. 
To eliminate all distortions except position distortion, a screen sur-
face was designed and graphed. To elTiminate position distortion a 
refracting plate and lens correction technique was considered. 
The refracting plate was found to provide too little refraction 
to reduce the error suff1ciently while maintaining a minimum thickness. 
The lens was found to be capable of eli~ating the distortions 
c~npletely, however for projection near the horizon its size becomes 
excessive and beyond the state-of-tile-art for lens mru1ufacturers. It 
was concluded therefore that a constant position distortion had to be 
accepted. Tl1e position distortion, however, can be maintained at a 
constant value with the screen design given, which also eliminates the 
velocity, acceleration, and size distortions. 
In order to provide an image closer to the horizon, the required 
transparency curvature for projection up to 3° from the horizon as 
calculated. The error was calculated and plotted for the curved 
transparency. 
The system parameters affecting resolution and definition were 
discussed indicating the importance of a small light source -and the 
effects of the system geometry. 
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Calculations for mix~g three laser colors to provide a point 
light source were made to indicate the light levels that could be 
provided with lasers. The light output available prior to any optical 
reduction system was found to be over three times of that available 
fron1 the Oshram lamp. This, although indicating existing lasers can 
provide power levels sufficient for t1ses as a point source projection 
system for further investigation the projection system resolution and 
definition problems which are present because of laser beam diameters 
and divergences. 
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